for AIH. [1] In general, immunosuppressive therapies are effective in inducing remission in AIH patients. [2] However, the efficacy of treatment seems to vary slightly by ethnicity. It is reported that in Caucasian patients, the remission rates after immunosuppressive treatment range from 76% to 100%, [3] [4] [5] [6] [7] and the relapse rates range from 50% to 86%. [8] Studies on Japanese patients showed that 89%-100% of patients achieved remission at 6 months after therapy as evaluated by normalized alanine aminotransferase (ALT) levels [9] whereas relapse occurred in 29.9% of patients during tapering of corticosteroid dose. [10] Patients from Saudi Arabia were reported to have a low remission rate of 54.8% after immunosuppressive therapy. [11] To date, the efficacy of immunosuppressive treatment in AIH patients of Chinese descent has rarely been reported.
Clinical indications for immunosuppressive treatment in AIH patients with liver cirrhosis, particularly those with decompensated cirrhosis and severe complications, remain difficult to specify, largely due to our limited knowledge of the long-term outcomes of these patients after treatment. [1, [12] [13] [14] [15] [16] Thus far, the only literature available on comparison of remission rates between cirrhotic and noncirrhotic patients is the report by Feld et al., [5] in which similar remission rates between cirrhotic (73.8%) and noncirrhotic (81.9%) patients after immunosuppressive treatment were recorded. However, the long-term survival of patients with cirrhosis in the presence or absence of immunosuppressive therapy remains unclear. Roberts et al. [3] reported that 10-year survival was not different between patients with and without cirrhosis (89% and 90%, respectively) after immunosuppressive treatment whereas Feld et al. [5] reported that patients with cirrhosis at presentation had worse outcomes than those without cirrhosis (61.9% vs. 94.0%, 10-year survival). Taken together, comprehensive evaluation of the effects of immunosuppressive therapy in AIH patients who present cirrhosis is called for.
The more important question nowadays concerns the treatment requirements of AIH patients with cirrhosis who do not have indications for immunosuppressive treatment. It has been assumed that these patients are in an inactive phase of their hepatitis based on their lower levels of liver enzymes and serum immunoglobulin G (IgG), as well as the histological activity index scores of the liver biopsies. [5, 17] The new British guidelines for AIH recommend that patients with cirrhosis even mild histological activity should be offered immunosuppressive treatment. [18] However, until now, few studies specialized on this group of patients has been reported. The study analyzed the efficacy of immunosuppressive therapy in asymptomatic AIH patients including patients with cirrhosis showing good responses to the treatment. [19] However, the long-term outcomes of cirrhotic patients remain unclear.
In the present study, we retrospectively analyzed the effects of immunosuppressive treatment in Chinese AIH patients. By comparing patients with and without cirrhosis at presentation, we analyzed the outcomes of cirrhotic patients who underwent immunosuppressive treatment, as well as the immunosuppressive requirements of cirrhotic patients who do not have indications for treatment.
Methods

Study population
The recorded charts of 249 patients given a clinical diagnosis of AIH (including probable AIH and definite AIH) at Tianjin Medical University General Hospital January 2000 and December 2015 were retrospectively reviewed. The study was approved by the Ethics Committee of Tianjin Medical University General Hospital, which waived the need for informed written consent. Every patient provided informed consent for sample collection in accordance with the Declaration of Helsinki. Patients who also had primary biliary cirrhosis (PBC) and AIH-PBC overlap syndrome or experienced excessive alcohol consumption were excluded from the study. The 214 cases satisfied the simplified criteria of the International Autoimmune Hepatitis Group [20] ("definite" ≥7, "probable" ≥6) and had complete medical records of follow-up. Pretreatment biopsies were performed in 147 cases. Among 214 patients, the presence of liver cirrhosis was demonstrated in 87 cases at the time of AIH diagnosis. Ninety-six cases received immunosuppressive therapy following the initial AIH diagnosis, of which 39 cases were with cirrhosis [ Figure 1 ].
Diagnostic criteria and therapeutic evaluation
All patients enrolled in this study satisfied "probable" (n = 84) or "definite" (n = 130) criteria of the simplified AIH diagnostic criteria. [20] [21] [22] Presence or absence of liver cirrhosis at presentation was defined according to the clinical characteristics or the results of ultrasonography and blood tests. [23, 24] Among the 87 patients who present of cirrhosis, 30 were confirmed by liver biopsies. All liver histology specimens were reviewed by two pathologists, and the presence or absence of cirrhosis was documented using standard histological criteria. Child-Pugh score was calculated for each patient. Decompensated cirrhosis was defined as a Child-Pugh score ≥7 or clinical evidence or history of ascites, encephalopathy, variceal bleeding, and/or impaired hepatic synthetic function. [25] Biochemistry tests and clinical notes were carefully reviewed every month during the 1 st year of treatment and then reviewed every 6 months until remission. During follow-up, patients were evaluated as having a complete remission when they satisfied all of the following four criteria: (1) disappearance of symptoms, (2) normalization of serum bilirubin and globulin (GLO) levels, (3) normal serum aminotransferase levels, and (4) normal hepatic histology or inactive cirrhosis if liver biopsies were available. Treatment failure was defined as worsened clinical, laboratory, and histological features despite compliance with therapy. Incomplete response was defined as some or no improvement in clinical, laboratory, and histological features despite compliance with therapy after 2-3 years. A relapse was indicated as an increase in the serum aminotransferase level to more than 3-fold upper limit of normal range and/or IgG levels greater than 20 g/L after cessation of treatment. [26] Disease progression was defined as the occurrence of any of the following: (1) chronic active hepatitis patients progressing to cirrhosis; (2) occurrence of esophageal and/or gastric variceal bleeding, hepatic encephalopathy, or spontaneous bacterial peritonitis; (3) died because of liver disease; (4) occurrence of hepatocarcinoma. [12] 
Treatment regimens
Treatment regimens of patients were reassessed, and all recommendations were in line with the guidelines on AIH. [26, 27] Immunosuppressive treatments were employed in 57 AIH patients who did not present with cirrhosis and 39 patients who presented with cirrhosis [ Figure 1 ]. As initial treatment, all patients received high-dose prednisone alone (starting with 40-60 mg/d and tapering down to 20 mg/d within 4 weeks) or prednisone (starting with 30 mg/d and tapering down to 10 mg/d within 4 weeks) in combination with azathioprine (50 mg/d). Of the 81 patients who achieved complete remission, immunosuppressive agents were discontinued in 36 patients when remission was maintained for at least 12 months with no relapse on tapered doses. Liver histology assessment before the termination of treatment was suggested to the patient, and for those who refused, we informed them the probability of relapse. Due to the lack of treatment indications, 118 patients, including 48 with inactive cirrhosis, were not managed by immunosuppressive therapy. Most of the latter patients received conventional liver-protecting treatment, for instance, polyene phosphatidylcholine, tiopronin.
Laboratory methods
All patients were tested for antibodies known to be associated with AIH. Assessment for antinuclear antibody, antimitochondrial, and anti-smooth muscle antibodies was performed by indirect immunofluorescence, and a titer of 1:40 or greater was considered positive; liver kidney microsomal antibody-1 and anti-soluble liver antigen antibody were detected by enzyme-linked immunosorbent assay (ELISA), and a titer of 1:100 or greater was considered positive; IgG level was determined by the nephelometer method (normal range: 7.2-15.6 g/L). Baseline and follow-up blood work included parameters of liver function, serum IgG, and complete blood count. During follow-up, serum liver function tests were determined at 4-week intervals among the withdrawal process and every 3 months on maintenance therapy. When remission was sustained for at least 12 months with no relapse on tapered doses, serum liver function tests were determined at 3-month intervals. Hepatitis serology was performed by ELISA for examination of hepatitis B virus surface antigen and hepatitis C virus (HCV) antibodies. Patients with anti-HCV antibodies were subsequently screened for HCV RNA using polymerase chain reaction. When regarded appropriate, the results of hepatitis A virus antibody and hepatitis E virus antibody were obtained.
For the Cox regression analysis, 188 of the 214 patients were assessed. Twenty-six were excluded because of censoring before the occurrence of death. By univariate analysis, age, sex, ALT, alkaline phosphatase (ALP), GLO, and total bilirubin levels had no effect on prognosis of the patients and were, therefore, removed from the model. The final multivariate model was created by whether the presence of cirrhosis, level of aspartate aminotransferase (AST), and use of immunosuppressive therapy or not.
Statistical analysis
Statistical analysis was performed using statistical software SPSS 17.0 software (IBM, Armonk, NY, USA). Continuous data were summarized as mean ± standard deviations (SD), and categorical data were expressed as proportions. The detection of significant differences between continuous variables was performed using the t-test; Discrete variables such as sex and event of positive antibodies were analyzed by the Chi-square test between patients with and without cirrhosis at presentation. Initial laboratory data may be characterized in part by skewness of the distribution,were summarized by median and range and analyzed using the Mann-Whitney U-test. The association of several variables with prognosis was assessed by Cox regression analysis. P < 0.05 was considered statistically significant. GraphPad Prism 6.0 (GraphPad SanDiego, CA, USA) was used for the above-mentioned data analysis. 
Clinical features of autoimmune hepatitis patients with cirrhosis
Of the 214 patients who had been given a diagnosis of AIH, cirrhosis was found in 87 patients (40.7%) at the time of diagnosis, comprising 20 patients (23.0%) with compensated cirrhosis and 67 patients (77.0%) with decompensated cirrhosis. Analysis of initial laboratory data shows that patients with cirrhosis at presentation had lower white blood cell counts, platelet counts, and lower levels of serum ALT, AST, and gamma-glutamyl transferase (GGT) [ Table 1 ].
Initial responses to immunosuppressive treatment of patients with and without cirrhosis
After diagnosis, immunosuppressive treatment (prednisone alone or prednisone in combination with azathioprine) was prescribed to 96 patients, including 39 patients with cirrhosis and 57 patients without cirrhosis. In total, 81 patients (84.4%) reached complete remission, including 31 patients (35.6%) with cirrhosis and 50 patients (39.4%) without cirrhosis (P = 0.580) [ Figure 1 ]. Incomplete remission was achieved in 9 patients (9.4%) in total, including 5 patients (5.7%) with cirrhosis and 4 patients (3.1%) without cirrhosis (P = 0.352). Treatment failure occurred in 6 patients (6.2%), including 3 patients (3.4%) with cirrhosis and 3 patients (2.4%) without cirrhosis (P = 0.636). There was no significant difference in remission rate of AIH patients with and without cirrhosis.
Relapses after drug withdrawal of patients with immunosuppressive therapy
Of the 81 patients who achieved complete remission, immunosuppressive therapy sustained for at least 12 months was discontinued in 36 patients after remission, consisting of 10 patients with cirrhosis and 26 patients without cirrhosis. Relapse rates were similar between patients with cirrhosis and without cirrhosis (6/10 vs. 11/26, P = 0.341) with a median duration of 4 months (range: 1.2-96.0 months).
However, the total relapse rates of patients with drug withdrawal after remission occurred in 17 of 36 patients (47.2%). In contrast, 45 patients continued immunosuppressive therapy, and the aggravation rates were 17.8% (8/45), fewer than before (P = 0.004).
Notably, 17 patients (47.2%) experienced disease relapse within a median duration of 4 months (range: 1.2-96.0 months) after treatment termination. This relapse rate is significantly higher than that in patients who continued immunosuppressive therapy (n = 45) after remission (47.2% vs. 17.8%, P < 0.001). Moreover, we observed that 5 patients (29.4%) experienced relapse within 1 year of drug withdrawal whereas 12 patients (70.6%) experienced relapse after 1 year.
Risk factors predicting responsiveness of immunosuppressive treatment
After treatment withdrawal, our patients were followed up for 2 years. Compared to patients who maintained remission (n = 19) after drug withdrawal, patients who experienced relapse (n = 17) had significantly higher levels of serum IgG at entry (15.0 ± 6.5 g/L vs. 22.3 ± 5.8 g/L, P = 0.004) [ Table 2 ], suggesting that IgG is a marker of relapse/compromised response to the therapy. No association was observed with the age at diagnosis, duration of treatment, treatment regimens, and other laboratory parameters. 
Effects of immunosuppressive treatment on outcomes of patients
We next depicted the trends of serum enzyme levels (ALT, AST, ALP, and GGT) of patients who received immunosuppressive therapy [ Figure 2 ]. Even the presence of cirrhosis and the levels of ALT and AST decreased dramatically in the 1 st month of treatment whereas reductions of ALP and GGT took longer. Importantly, the levels of ALP and GGT at the end of follow-up in patients with cirrhosis were significantly higher than those in noncirrhotic patients (P < 0.001 for ALP, P < 0.001 for GGT).
With disease progression for clinical endpoint events, we analyzed the factors leading to the progression of the disease. The univariate Cox regression analysis of factors affecting the prognosis of AIH patients showed only the level of AST, presence of cirrhosis, and treatment affected outcome [ Table 3 ]. The multivariate Cox regression analysis further suggested that cirrhosis at presentation significantly increases the risk of disease exacerbation (hazard ratio [HR]: 4.603; P = 0.002). The level of AST at presentation also increases the risk of disease progression (P = 0.017), but the HR is smaller (HR: 1.002). Besides, the treatment of immunosuppressants markedly reduced disease progression (HR: 0.058; P = 0.005) [ Table 4 ].
Moreover, we analyzed disease progression of patients in these four groups. Among 57 noncirrhotic patients who received immunosuppressive therapy, disease progression was noted in 13 patients (22.8%), including 12 who developed cirrhosis and 1 who died of hepatic failure. Of the 70 noncirrhotic patients who did not receive immunosuppressive therapy, disease progression occurred in 12 patients (17.1%), including 4 patient who developed cirrhosis and 8 patients died of hepatic failure. In 39 cirrhotic patients who received immunosuppressive therapy, disease progression occurred in 8 patients (20.5%), including 4 patients who developed complications of decompensated cirrhosis, 2 patients developed hepatocarcinoma, and 2 patients died of hepatic failure. In 48 cirrhotic patients who did not receive immunosuppressive therapy, disease progression occurred in 26 patients (54.2%), including 12 patients developed complications of decompensated cirrhosis and 14 patients died of hepatic failure. Taken together, disease progression was comparable between noncirrhotic (22.8%) and cirrhotic (20.5%) patients who received immunosuppressive treatment (P = 0.789) whereas cirrhotic patients who did not receive immunosuppressive therapy (54.2%) showed a higher rate of disease progression than cirrhotic patients who have been treated (20.5%) (P = 0.001).
dIscussIon
The responses to immunosuppressive therapy of AIH patients have been reported to be good but show geographical variation. [28, 29] The remission rate of AIH patients after initial therapy ranged from 76% to 100% in Caucasian patients [3] [4] [5] [6] [7] but was about 54.8% in patients from Saudi Arabia.
[11] Our Figure 2 : The decreasing trends of ALT, AST, ALP, and GGT levels in patients receiving immunosuppressive treatment including both AIH with cirrhosis (n = 39) and without cirrhosis (n = 57), especially during the first 6 months. The levels of ALP and GGT at the end of follow-up in patients with cirrhosis were significantly higher than those in noncirrhotic patients (P < 0.0001 for ALP, P < 0.0001 for GGT). *P < 0.05 was considered statistically significant. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; GGT: γ-glutamyl transpeptidase; AIH: Autoimmune hepatitis.
study showed a complete remission rate 84.4% (81/96) in AIH patients after therapy, which is similar to the remission rates of 89%-100% observed in Japanese patients. [10] Moreover, we showed that 47.2% (17/36) of patients experienced relapse after drug withdrawal or treatment termination, and retreatment effectively induced remission again, whereas the reported relapse rates were 50%-86% in Caucasian, [8] and 29.9% in Japanese during decrement to corticosteroid therapy. Distinct genetic backgrounds may play a role in the variation among ethnicities; in general, AIH patients of Chinese descent respond well to immunosuppressive treatment, with remission and relapse rates comparable to those of Caucasian patients.
To date, the only data available on comparison of remission rates between cirrhotic and noncirrhotic AIH patients were reported by Feld et al., [5] who showed similar remission rates between noncirrhotic (81.9%) and cirrhotic (73.8%) patients after immunosuppressive treatment. In our study, complete remission after initial therapy was achieved in 87.7% (50/57) of noncirrhotic patients and 79.5% (31/39) of cirrhotic patients (P = 0.275). Furthermore, we showed that relapse occurred in 40% (4/10) of noncirrhotic patients and 50% (13/26) of cirrhotic patients (P = 0.590) after drug withdrawal, suggesting relapse rates between the two groups have no significant difference. Taken together, AIH patients who present with cirrhosis respond well to the initial immunosuppressive treatment, with remission and relapse rates comparable to those without cirrhosis.
The long-term outcomes of AIH patients with cirrhosis treated by immunosuppressive therapy remain unclear. Roberts et al. [3] reported that 10-year survival was not different between patients with and without cirrhosis (89% vs. 90%) after immunosuppressive treatment whereas Feld et al. reported that AIH patients with cirrhosis at presentation had a worse 10-year survival than those without cirrhosis (61.9% vs. 94.0%) after treatment. [5] In our study, we observed similar to the progression of the disease (20.5% vs. 22.8%, P = 0.789) and remission rate (94.7% vs. 92.3%, P = 0.629) for patients with and without cirrhosis at presentation who underwent immunosuppressive treatment, supporting the notion that the presence of cirrhosis has nothing to do with the long-term prognosis of AIH.
Importantly, we compared the disease progression of cirrhotic patients treated and not treated by immunosuppressants. It appears that patients not treated by immunosuppressants had significantly poor long-term outcomes. In our study, no immunosuppressant therapy patients were those that do not match the treatment indications according to the American Association for the Study of Liver Diseases (AASLD) guidelines for AIH. Current treatment indicators in the guidelines are determined by the clinical features of patients, for instance, symptoms, serum levels of ALT, and IgG. Due to the poor prognostic features, the new British guidelines for AIH recommends that AIH patients with cirrhosis and even mild histological activity should be treated. [18] We speculate that asymptomatic cirrhotic patients with normal levels of ALT and IgG may have subclinical levels of liver dysfunction. Therefore, we propose that AIH patients with cirrhosis who do not meet the treatment indications should undergo liver biopsy, by which the unnoted active inflammation may be identified to compensate for absence of treatment indicators. Nevertheless, further studies are urgent to uncover the reasons related to the poor long-term outcomes of those patients. Xu et al. [30] reported that splenectomy might be an option to prevent AIH relapse in some patients with high-risk factors.
It has been reported that risk factors for relapse include a high level of γ-globulin, time to initial remission, and failure to have consistently normal transaminases during remission. [8, 31] In our study, high levels of IgG were associated with relapse and treatment failure [ Table 3 ]. IgG antibodies are involved predominantly in the secondary immune response, binding to many kinds of pathogens, for example, viruses, bacteria, and fungi. The higher level of serum IgG may reflect a more vigorous immune and inflammatory response in patients, which, in turn, is associated with difficulties in suppressing inflammation. Therefore, patients with high levels of IgG, used as a risk marker of relapse, may need a longer or larger dose of immunosuppressive treatment.
In conclusion, our data suggest that AIH patients with cirrhosis of Chinese descent respond well to immunosuppressive treatment. The efficacy of immunosuppressive therapy in patients with liver cirrhosis is similar to those without cirrhosis. Cirrhotic patients not treated by immunosuppressants according to the management guidelines have poor long-term outcomes, which may be caused by unnoted active inflammation.
